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Introduction
Rechargeable lithium batteries are dominating the field of energy devices due to their high specific energy (energy per unit weight) and energy density (energy per unit volume). Associated with the various oxides that have been considered as lithium intercalating cathode materials are major concerns relating to cost, safety and environmental consequences when these cathodes are applied in large-scale lithium-ion batteries. The breakthrough of olivine phosphates with the general formula LiMPO 4 [1] [2] [3] [4] [5] , provides a new class of cathode materials for lithium-ion batteries offering several appealing attributes, including high discharge rate with excellent capacity retention and low cost. Among the available olivine phosphates, low cost lithium iron phosphate (LiFePO 4 ) has attracted particular interest due to its non-toxic and environmentally benign nature and it has been commercialized as a cathode material. However, despite its commercialization, it is inferior to LiCoPO 4 and LiNiPO 4 cathodes in terms of energy density and other problems [3] . The penetration of LiMnPO 4 into the portable electronics market, on the other hand, is hampered by sluggish lithium diffusion kinetics coupled with its extremely low electronic conductivity (<10 -10 Scm -1 ) [4] [5] .
LiCoPO 4 has a number of advantages, including high redox potential (4.8 V vs.
Li + /Li) with the theoretical energy density of ~ 802 Wh Kg -1 (1.35 times higher than that of LiFePO 4 ) [6] [7] [8] . LiCoPO 4 has additional merits such as better electronic conductivity (about five orders of magnitude higher) than LiMnPO 4 , lesser threat to electrolyte decomposition compared to LiNiPO 4 (with a redox potential of 5.1 V) and the lowest volume change (~2 %) during intercalation and de-intercalation processes among the
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A c c e p t e d M a n u s c r i p t 4 studied LiMPO 4 (M = Fe, Co, Mn, Ni) cathodes [9] [10] [11] [12] . Despite these advantages, there are challenges associated with the practical application of LiCoPO 4 [9, 10, [13] [14] [15] [16] cathode [13] . In separate studies [20, 21] , the formation of shape controlled nanocrystalline LiMPO 4 (Fe, Mn) was reported to influence the electrochemical behavior due to a shortened diffusion path length for lithium ions. These studies [20, 21] A c c e p t e d M a n u s c r i p t 6 through the solid mixture. In other words, 30 ml of carbonic acid has been added to maintain the precursor mix in wet condition even after sonication and the amount of (NH 4 ) 2 CO 3 used in the experiments was 1.5 g. Higher CO 3 2-concentrations (aided by the addition of H 2 CO 3 and H 2 CO 3 + (NH 4 ) 2 CO 3 mix) confine the growth of crystals in one dimension, leading to porous LiCoPO 4 nanorods [21] . The escape of CO 2 gas and the growth inhibited formation of nanorods aided by the addition of H 2 CO 3 are documented in our previous report [20] . (Fig. 2a) . The modified SSF method with the addition of H 2 CO 3 produced a single phase (Fig. 2b ) of olivine structure (ICDD pattern 32-0552). Interestingly, LiCoPO 4 compound synthesized with the addition of H 2 CO 3 + (NH 4 ) 2 CO 3 ( Fig. 2c) showed LiCoPO 4 peaks along with those for the highly conductive Co 2 P phase [23] . An increased concentration of CO 3 2-anion (through the addition of (NH 4 ) 2 CO 3 ) has influenced the phase purity of nanocrystalline LiCoPO 4 by co-producing Co 2 P. Hence, the synergistic effect of CO 3 2-ion concentration and the presence of an inert argon atmosphere aided in producing LiCoPO 4 as a major phase with the co-existence of conductive Co 2 P.
Conductivity Studies
The ionic conductivity (ac) of the conventional (Sample A1 gives the DC conductivity [24] ; values obtained at 100 and 400 °C are given in Table 1 .
At a higher temperature (400 °C), a two-fold increase in conductivity has been observed in all the LiCoPO 4 samples (Figs. 3-4) and amorphous carbon respectively [25] [26] . The ratio of the calculated peak intensities (I D /I G ) demonstrates that amorphous carbon is dominant, which could favor lithium intercalation.
Microscopy & Spectroscopy Studies: SEM, TEM, Raman and XPS
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The sample 'B3' was further characterized by X-ray photoelectron spectroscopy (XPS) to confirm the oxidation state of the individual elements present in the compound (Fig. 8) spectrum gives a binding energy value of 780.7 eV, which is consistent with the value reported to those for Co 2+ ions by Tan et al. [27] . The XPS spectra for the P (2p) peak located at 134.1 eV is assigned to the P 5+ related compounds [28] . The O (1s) XPS spectrum has a well defined peak at 531.0 eV evidencing the presence of -2 oxidation state of O element in LiCoPO 4 . 
Electrochemical Studies: Charge-discharge and Rate capability tests
Conclusions
A simple and an easy-to-adopt modified solid state fusion method has been employed to achieve morphologically controlled growth of LiCoPO 4 /C nanorods using H 2 CO 3 + (NH 4 ) 2 CO 3 growth modifiers and heat treatment in an inert (argon)
atmosphere. The role of CO A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 
